SUMMARY
Incorporating conductive fillers into the polymer can significantly modify the conductivity of a composite.
Fillers in the form of fibres and flakes were found to be most effective due to the lower volume fractions needed to achieve a targeted conductivity. It was observed that the volume fraction needed to achieve certain conductivity decreased with increasing aspect ratio /15/. Addition of the conductive fillers into the polymer modifies not only the conductivity of the polymer but also the dielectric properties. have not yet been reported.
The objective of this study is to characterise the dielectric properties of composites of SBR, incorporated with short sisal fibres. The electrical properties of the composites have been analysed with special reference to the effect of fibre length, fibre concentration and fibre treatment. The electrical conductivity of the system was also examined and the percolation threshold of the system is analysed.
EXPERIMENTAL Materials and Methods

Materials
Synaprene-S (SBR-1502) was obtained from
Synthetics and Chemicals, Bareilly, U.P., India. The properties of the rubber bale used for the entire work are reported in Table 1 
Methods
Chemical modification of fibres i) Hydration:
Short sisal fibres were washed several times with water in order to remove the easily extractable impurities from the surface of the fibres. The fibres were air dried and designated and used as untreated fibres.
ii) Salt water treatment
The raw fibres were soaked in a 10% solution of NaCl for 1 hr, taken out and dried in air.
Hi) Mercerisation
The short sisal fibres of lengths 6mm were immersed in an 18% solution of caustic soda for 1 hr.
These fibres were washed and air dried for further treatment. The extent of benzoylation on to the fibre is analysed by IR studies.
Table 1
Formulation of Recipe from A to S 
INGREDIENTS MIXES
A Β C D Ε F G Η L Ν Q R S
iv) Benzoylation
The mercerised fibres were agitated with 50ml benzoyl chloride for 15 min., filtered, washed thoroughly with water and dried. These fibres were dried further in air oven at 70°C and kept in polyethene bags for mixing. The extent of benzoylation on to the fibre was evaluated by IR studies.
v) Acetyl at ion
The short sisal fibres were first immersed in aqueous NaOH solution at 35°C for one hour, washed with water and then soaked in glacial acetic acid, followed by acetic anhydride. The fibres were washed, dried and kept in air tight polythene bags. The acetylated fibres are characterised by 1R spectroscopy.
vi) Incorporation of dry bonding system
A two component dry bonding system consisting of hexamethylene tetramine and resorcinol are used as the bonding agent. This was added into the mix during the milling process as per the mixing sequence given in 
Analysis of Electrical Properties (i). Dielectric Constant
Dielectric constant of an insulating material is defined as the ratio of the charge stored in an insulating material placed between two metallic plates to the charge that can be stored when the insulating material is replaced by air (or vacuum). The dielectric constant, E' was measured from capacitance using the equation
where C is the capacitance, t, the thickness, E 0 , the permittivity of air (8.85 χ 10" 12 F m" 1 ) and A, the area of cross section of the sample.
where ρ is the volume resistivity.
(iv). Dissipation Factor
It is a measure of the electrical loss or the amount of energy dissipated by the insulating material when the voltage is applied to the circuit. Most rubbers have a relatively lower dissipation factor at room temperature.
Dielectric loss (loss factor) is the product of dielectric constant and the dissipation factor (tan δ) and is related by the equation,
Morphology of fibres and composites
Tensile/tear failure surfaces of the composites and the treated fibre surfaces were examined by scanning electron microscope. The fracture surface of the samples was sputtered with gold for 24 hrs. using a fine coat ioniser JFC-1100. The photographs were taken in JEOL scanning electron microscope-model JSM 35 C.
RESULTS AND DISCUSSION
(ii). Volume Resistivity
The most desirable characteristic of an insulator is its ability to resist the leakage of the electrical current.
Insulation resistance depends upon the volume resistivity of the insulating material. Thus, the volume resistivity(p) is defined using the equation,
where p, volume resistivity, R v , volume resistance(Q),
A, Area of cross section of the sample and t, the thickness of the sample.
(Hi). Conductivity
The conductivity (σ) is calculated according to the and the volume resistivity.
Dielectric constant as a function of frequency
Dielectric polarization is the polarized condition of a dielectric resulting from an applied AC or DC field.
There are two types of charging currents and condenser charges, which may be described as rapidly 
Dielectric constant as a function of fibre length
The addition, at high fibre length fibre-fibre interaction is higher than the fibre-matrix adhesion. As a result, the values of dielectric constant showed marginal enhancement at 10mm fibre length.
Dielectric constant as a function of volume of fibres
The where P, is the polarization of a polymer in an electric field related to the dielectric constant Ε', 'M' is the molecular weight and 'p' is the density,.
Since the composite is heterogeneous, the interfacial polarization also exists. The complete orientation of the molecules is possible at low frequencies, while at medium and high frequencies, the same is not possible. saltwater treated > mercerised > acetylated > benzoylated > bonding agent added composites. During salt water treatment, the fibres get a shiny appearance which does not have any appreciable effect on the interfacial adhesion with the rubber matrix. Hence, the dielectric constant value shows only a slight decreasing trend. However, other chemical treatments have a strong influence on the properties. The cellulosic hydroxyl groups in the fibre are relatively unreactive, since they form strong hydrogen bonds. Alkali treatment may destroy the hydrogen bonding in cellulose hydroxyl groups, thereby making them more reactive (Scheme 1). As a result of these chemical treatments (mercerisation, acetylation and benzoylation), the hydrophobicity of the fibre is increased. The improved interaction between the sisal fibre and the SBR matrix in the case of these chemical modifications reduces the hydrophilicity of the composite, which, in turn, reduces the orientation polarization. The orientation polarization decreases considerably because of the decrease in water content in the fibre and hence the dielectric constant values also decrease. A hypothetical mechanism has been stated and a reaction pathway is shown in schemes 2 & 3 in order to illustrate the structural changes as a result of chemical modifications (acetylation and benzoylation).
Dielectric constant as a function of chemical modification of sisal fibres
The two component dry bonding system incorporated into the mix during the composite preparation creates an in-situ resin by the condensation reaction, which acts as a binder in between the fibre and the matrix. This removes the voids between the fibre and the rubber matrix and thereby eliminates the pockets for the moisture. The reaction between the fibre and rubber matrix can be represented as a hypothetical mechanism (Scheme 4).
Volume resistivity as a function of fibre loading
The most desirable characteristic of an insulator is its ability to resist the leakage of electric current. Hence it is very important to study the volume resistivity of insulating materials. Figure 5 shows the plot of volume resistivity as a function of frequency for sisal-SBR composites at different volume of fibres. The volume resistivity of the material decreases with increase of frequency and fibre concentration, i.e., electric conduction increases with increase of frequency and fibre content. The decrease in resistivity up on the incorporation of short fibres may arise from the presence of more polar groups, which facilitate the conducting process. The incorporation of short fibres into elastomers generally decreases the volume resistivity and there is a critical loading of fibre, i.e., percolation threshold, 8% volume loading of fibres, at which the composites change from insulating to conducting material. A study of the dielectric property is of importance as it provides a measure of the amorphous fraction of the materials and is sensitive to orientation effects, mobility and to the number and interactions of the dipoles participating. Dutta et al. 1291 have reported studies on the mechanical and electrical anisotropy of pineapple fibres and found a sharp increase of dielectric constant and a fall of loss factor along the fibre direction compared to the transverse direction. It was established that the crystallinity is greater along the fibre direction. With regard to physical processes involved in the conduction of electricity, various mechanisms have been proposed 1301. The 
Volume resistivity as function of chemical modification
The effect of volume resistivity of all chemically modified composites as a function of frequency is shown in Figure 6 . As expected, the volume resistivity of the filled system is higher than the neat SBR. All the treated fibre composites have higher volume resistivity than untreated fibre composites.
The dielectric constant depends on the resistivity by the equation /32/, 
where R is the universal gas constant and E' is the This is due to the good interfacial adhesion between the fibre and the rubber matrix. In addition to that the chemical modification reduces the hydrophilicity of the system which, in turn, reduces the conductivity.
Dependence of electrical conductivity on fibre content
The effect of electrical conductivity on the fibre loading at 10 MHz is shown in Figure 7 . 
Dissipation factor as a function of fibre modification
